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SUMMARY 

The Teal Ruby Experiment employs a precision bearing girnbal. system that 
allows it to stare at points on the earth while in orbit. This paper 
describes that girnbal system and points out problems encountered, analytical 
tools and test methods used^and data applicable-to users of similar systems. 

INTRODUCTION 

to* 6 Tea ^ Ru k y Experiment (TRE) is an earth-orbiting Infrared sensor. 

The TRE program is being carried out by Rockwell International Corporation. 
Space Systems Group. The program is sponsored by the Defense Advanced 
Research Projects Agency and managed by the Department of the Air Force — 
Headquarters, Space Division. The P80-1 spacecraft provides a stable orbit- 
ing platform for the TRE sensor. 

objectives of the TRE are (1) to demonstrate that cooperative air- 
ba detected from space with an infrared-type sensor, (2) to 
establish a global data base in several infrared spectral bands that will 

in definlne J uture 8pace surveillance systems, and (3) to demon- 
sttate, in space, mosaic infrared sensor technology. 

The TRE sensor mosaic focal plane detects infrared energy radiated to 
fr * to fc J he e f rth ln sev6ral spectral bands. The focal plane and interior 

sen svaL m the b!| 6 i e ? e0 ? e are ® ooled t0 cr y°86nic temperatures by a solid cryo- 
SSnJS* int6gral to the sensor assembly. Three electronic boxes 

mounted on the P80-1 spacecraft functionally support the sensor assembly, 
igure 1 shows the TRE mounted on the P80-1 spacecraft; figure 2 shows the 
sensor equipment arrangement. 


The TRE has a pointing capability in both the in-track (line of flight) 
and cross-track axes of the Sensor. The pointing control system, under 
di j f S J ored time-tagged commands* fixes the line of sight on an 

earth-fixed point by using spacecraft-supplied ephemeris, attitude, and 
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Fi gure 1.- Teal Ruby Experiment mounted oh P80-1 s pice C.taf t_ in stowed position. 
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Figure 2.- Teal Ruby Experiment. 
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6xderLei? r fi! °P 6raCi0nal mode » pointing control 

fixed while the tHmfn>? erl ?? nt t6 aCare at a ground point and hold that point 

l 0mp f 8atefl fo * both spacecraft and earth" 
data gathering period? * y b ® tfepeae@d several tide© during^aingle 

orbit"; m^Thu^ J& , l !!££*!• ‘ 8 -tied lB “ l8 “ 8 *«h 
the spacecraft is boosted by the P80-1 B m! f r ?f the 0fbitef P a yload bay, 
altitude of approximately 740 km ! £ ? §€!8 £ ° a £itial orbit 

1981-. y U m r 00 nml) * Launch is scheduled for late 

gimbal system requirements 

requi™ St^SS SiS2.'“£Tf - dynamic 

and boost. To save weight, the scind 1. ^ fading occurs during launch 

under boost loads, but no bearine P "Brlnel C ? d ®flect significahtly 
that could result in ea«ssi« f? 8 V ° ther r °“S h " 8S8 i» tolerable 

Minimising the rantas^S Snt^^bf r^ 4 ?* 1 "* on ' orbit °Parations. 
avoid perturbs ting and^bacuri^the^snsor^data^ " tU1 “ 

a relatlvely^stlff the 8lnbal 8 >"'«* represents 

in terms of excursions, torques, and accuracy ?nn gimbal r6c l air6m6n ts 

shown converts to a 0.7-km accuracy at a poi« 

table^allocates I?? 16 n ,. f ° r °"' orblt eperation. This 

move the sensor to its excursion extre^ It* m” lnto (1) torque used to 
include acceleration torque plus Conti™* ,/ 2 margln * The margin values 
applied external lJLT T V V T 8 ° V t0rque t0 overcom e any possible 
harness flexing may aid or'hlnde^vf^'?? 801 t y 1<,ose lnsula tion. Wire 
position at th! X a “d°;h^“ fjro^eT"' 1 " 8 °" 8 “ 81 

GIMBAL SYSTEM CONFIGURATION 

to po"; Slalge*;. 8 « STST* It™ 1 ? fl8ure a 3 ' T ° enabU tha «■ 
that provides two degrees of freedom S mou ^ ted on a gimbal system 

the following Sor co^n^tfr " 0tl0 "- Thi9 8 >’ ste '" of 

In- track spindle assembly 

Cross-track trunnion assembly 
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Yoke structure assembly 
Torque motor- and resolver assemblies 
ROte gyro assemblies 
Bearing assemblies 

attacSn,°fJ « !i !:!°!! 6 ? ly , ,>r °'' ld08 4 low-friction rotating support for 
th ® f^nsor to the spacecraft in a cantilevered fashion. The 

ban d bLiin!« PPS r! d .,? y tW ° duplex * P relodd ® d pairs of. angular contact 

rata g“o^fni .22S\2S£3£ C ° ntr ° lled Wlth * "° t0r '" 80l - r — "“V. 

TABLE I.- GIMBAL REQ UIREMENTS 

Characteristic In Track | Cross track ~ 

Gimbal freedom (deg) operating +80 to -60 + 10 

Gimbal position (deg) stowed -90 0 

Gimbal rate (deg/s) + i + 1 

Motor torque, nominal (U»cm) 144 ^0 

Pointing accuracy (arc-s) 200* 200* 

Rate accuracy (arc-s/s) 0.52* 0.52* 

*Total P80-1/TRE budget " 


TABLE II.- TORQUE BUDGET 


Torque Source 

In Track (N-cm) 

Cross Track (N*cm) 

Bearing friction 

21 

14 

Wire harness flexing 

15 

7 

Margin 

108 

129 

Total 

144 

150 


6 
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Figure 3.- Gimbal system arrangement. 


The yoke is a U-shaped structure that attaches to the spindle at the 
base of the U. Trunnions extending from the sensor girth ring are accepted 
by cross-track bearings located at the ends of the yoke structure. This 
truhnion- to-bearing attachment of the sensor to the yoke provides the second 
degree of freedom for the sensor to enable cross-track viewing. Cross-track 
motion is similarly controlled with a motor-resolver assembly, rate gyro, and 
control electronics. 


GIMBAL SYSTEM DESIGN 

Primary attention is given here to the design philosophy of the spindle 
system, which is similar to that of the cross-track system. 

The spindle bearing installation in the outboard P80-1 attachment is 
shown in figure 4. The spindle, made from Inconel 718, is hollow in the 
center for wiring to pass through, interconnecting the P80-1 and TRE. The 
90-mm internal diameter bearings are heated to 121°C (250 6 F) so that they 
can be slipped over the spindle shaft, then allowed to cool and contract 
there when properly posi totted. Next, a lock nut is torched up to apply a 
compressive load between the inner races. The outer races are clamped 
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between the top retainer, mounting flange, and bottom retainer. Peelable 
shims are positioned between the top retainer and mounting flange to control 
the gap or interference between the outer races and the top 

retainer. 

The design and dimensions of this installation limit looseness so that 
no "BrinelLing" occurs during boost vibration. The maximum gap between the 
outer race of the top beating and the top retainer is 0.0127^mm (C. 0005-in. ) , 
and the maximum gap between the outer races and the mounting flange is 
0.0102 to 0.0152 mm (0.0004 to 0.0006 in.). 

On orbit, the spindle is cooled by its thermal proximity to the sensor 
body. Thus, the bearings shrink from their launch configuration dimensions 
and a looseness develops in the two areas mentioned above, allowing the 
outer races to “float. " The preload springs now come into play to keep the 
prescribed value of 311 N (70 lb) on the bearings for smooth, loW-frlction 
operation during gimballng. 

The bearing installation in the inboard P80-1 location is shown in 
figure 5. It is similar to the outboard installation except that these 
bearings have an 80-mm internal diameter. No thrust loads are taken by the 
inboard bearings, and again the mounting flange freely floats relative to 
the outer bearing races after temperatures stabilize on orbit. 
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Figure 5.- 80-mm bearing installation. 
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The bearings themselves are of a precision design and are fabricated 
by the Fafnir Bearing Company for the TRE program. The material is 440C 
and the lubrication is applied by a unique process developed by Hughes 
Aircraft for spacecraft glmbal bearings. 1 

A dry lubricant was chosen to meet low- temperature requirements and to 
minimize outgasfe ing. Similarly, a minimum thickness, maximum adhesion lubri- 
cant was needed to ensure low torque and noise. The lubricant system 
selected was molybdenum disulfide, applied by an RF sputtering process. The. 
lubricant film thus applied is approximately 1200 angstroms thick. It i 3 
burnished and run in, and then the torque and noise ate characterized. 

ASSEMBLY 

During assembly, parts are placed in their relative locations and 
allowed to "soak"' to a constant temperature for 24 hours. Handling is 
minimised to avoid the effects of body heat and resulting expansion and 
distortion. All gimbal system assembly takes place in a 100,000-level 
clean -room and assemblers wear lint-free gloves. Frequent use of a vacuum 
during assembly removes any loose dry lub or other contaminates. 

^Christy, R.I. , and Barnett, G.C.: Sputtered MOS 2 Lubrication System for 

Spacecraft Gimbal Bearings. Hughes Aircraft Company, 



THE and^K^ooca! *J£l*remrd2[*J* 1 at Rool " te ll to support: various 

aaatly whan maaaurod at diftSf J" thB l>M t*n 8 B varied ai S S° 

“ L“‘ W “/ota basoitao aL ro l 4 oa?S .Si*". 

increases In torque, y significant contributors to 

tho Inner^raee^f^tho^eafiims ont^tf 4 6hat the p,?oeftfl0 hea ^shrinking 
the beaming ^mub C T 6nt0 tho 0p *ndle shaft did not ftreariv nJ? 6 *., 

•* **. j n 

bags and installed. This effect 5 fom f ved their protective 

tien and atmospheric moisture? There' tQ i be a eombifia t*0ft of eontamina- 

sstjs.^ “ by « 

80-mm bearings the ^if' :ory ot a of 

soaring pairs ..were p loaded In all cases. 


Sequence 

** originally accepted at Pafnlr 
(not installed) rnir 

2. Initial tost at Aeroapaca Carp 
(not installed) p 

3- Early irastailation-on spindle 
5 ' spindle* dried ‘ “ d r dins tailed on 


Torque (N’cm 1 ) 
4.2 

4.9 

29-44 

14.0 

7.3 


slgniflcantly^etwean^sequence t °" ,Ue did not «<>*#«• 

“ «£-« ‘Alt as ZAVi 
^pitzrtz ln e 

and contamination. h iaolate the effects of preload?‘moistute, 
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figure 6.- Effects of preload on torque. 

PRELOAD TESTS 


Since assembly tolerances can cause excessive bedring preload, it Was 
necessary to determine and understand the effects of preload on bearing 
torque. Tests were run on the 80-tnm and 90-nun bearings immediately after 
cleaning and drying. - The results, shown in figure 6, indicate a linear 
increase in torque as a function of preload within the range tested. 
Nominal preload provided by the springs is 245 N (55 lb) for the 80-mm 
bearings and 311 N (70 lb) for the 90-mm. bearings. These data were used 
in analyzing the relative contributions of assembly variations. 

MOISTURE TESTS 


The effects of moisture and contamination were of primary interest 
because they could become extreme as a function of time and usage 
prior to launch. A series of tests was conducted to isolate the contribu- 
tion of moisture. The following sequence of activities took place under 
controlled test conditions. 


1. Install bearings on a spindle; run baseline torque tests. 

2. Expose spindle to 85-percent relative humidity for up to 
eight days, conducting intermittent torque tests, until 
torque reaches a cons-tant level. 

3. Bake out spindle in a dry oven at 121°C (250"E) until torque 
reduces to a constant lower level. 


The data from these tests indicate the maximum and minimum torque to be 
expected from a set of bearings with maximum and minimum moisture. 

A related test series was then conducted to determine if bearings dry 
out in a space environment. 

1. Conduct baseline torque tests, 


2. Reintroduce moisture as in step 2, above, 

’■ asars-Aar*as aar* i ~’~ 

5“ sr,:=,r:: s,rr.;r “*•— •• 

tolomod^f moistures eon bo 

protection required to minimise mni ,, une ‘ and * conversely, the degree of 

u» ts b„ ln8 0TOltt#t * .‘S'JuTSTr.S^^ 

STRUCTURAL ANALYSIS AND TEST 

« “S. ly 'f 0 ?, 0 ‘^ ral was 

loading condition was the most critieai n fra U aS ?° mbl i *? its ea{lt il^vered 

L“i“r 1£led “ the most criticai stru “ urai e“ a i s ts 8i „“hi; h L boatln88 

rigid and flexible •ptSdlir’.hlfrmd'houJi^' 11 p 6 ” 1 " 8 “ rMM * for both 
insights into the sensitivitv of Fs^anu^tric analyses gave 

element stiffnesa Sd^SiSg.Sot'SSjiSSS!" *° ^ “ 

betuni o fH^r: P “e”:r u xr 1 ^ r si ’ indi<! *““»* « t* 

three axes? To'pass tMs tesf he -LST to the 8 0 indle in 

damaged, and bearing noise had to assembly had t0 remain un~ 

the spindle was loadeS in thJs tlntltS P f escrlbed limits. After 
and the total assembly was inspected bearin 8® were removed, 

bearing noise dld not^^^ihe^^^rSels? "° ted ’ “ d 

criterion'?!* this^est'wa^that^o 1 ' 25 tl ” e8 llmlt load “- The 
there was no noise criterion The def ° rrtiation could occur; 

bearing noise did incr^^ £ 

NOISE TESTING 

the sensor 8 itself ^control o^Jhc^ois^^ disturbances induced by 
sight jitter, one of the’ sources of n t ? 6 . 8 ? l utcea that «WBe Hne-of- 
controlled is roughness in the gimbal bearing t f must be mon itc.red and 
chipped dry lube, "Rrinelling" of the balls Sd ^^"etc ! ^ 100 ’ 

were run°on pJelofded "bearings ' 11 ^ laad f oatl “8i tests 

onergy Wl in thn "oL“ ^a u td 
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Noise testing on noAppreciably 

af f ect^noise ^bu^bearing contamination increases the noise level 
significantly. 


CONCLUDING REMARKS 


Proper use of contemporary design supporting** precision - 

techniques can produce a gimbal S J Cleanliness, moisture control, 

.» essential to ^ ■*«" 

effects • 
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